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STOL AIRCRAFT AND WING SLAT
ACTUATING MECHANISM FOR SAME

RELATED APPLICATION

Reference is made to the co-pending application of Steve
R. Nusbaum entitled “Aileron/Flap Mixing Mechanism”
filed on Jun. 30, 1995 and assigned Ser. No. 08/497,103, the

specification of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

This invention relates generally to powered, fixed wing
aircraft and, more particularly, to short take off and landing
(STOL) aircratft.

No single aircraft design is ideally suited for all possible
uses. Various aircraft designs exist that emphasize one or
more performance characteristics at the expense of others.
For example, some aircraft emphasize speed at the expense
of payload, economy, simplicity and safety. Others empha-
size economy and safety at the expense of cruise perfor-
mance. Still others emphasize durability, reliability, simplic-
ity and low maintenance at the expense of technical
sophistication.

One area of aircraft performance that can be of critical
importance in certain applications is short take off and
landing (STOL) performance. Certain areas of the world.
such as those having mountainous or heavily forested
terrain, can only provide short airstrips or runways within
the constraints of reasonable monetary cost. Still other
airstrips and airports, built in the early days of aviation, are
now surrounded on all sides by urban development and
cannot be expanded to accommodate today’s higher
performance, faster aircraft. In still other regions, there are
no airstrips whatsoever, and aviation is confined to whatever
suitable fields, roads or naturally occurring fiat, open areas
might be available. In each of these cases, aircraft optimized
for STOL performance might be the only aircraft capable of

flying into and out of such areas.

A basic approach to improving STOL performance is to
maximize the lift available from an aircraft wing. By maxi-
mizing lift, the aircraft can get off the ground and stay in the
air at lower airspeeds than would otherwise be the case.
Reduced landing and take off speeds minimize the landing
and take off rolls, respectively, and result in relatively

greater angles of ascent and descent on landing and take off.
This improves the aircraft’s ability to clear obstacles at the

approach and departure ends of the runway. As an added
benefit, reduced approach speeds generally improve safety
by allowing greater room for pilot error and by reducing the
likelihood of personal injury in the event of an unsuccessful
landing.

Although wings can be designed to achieve maximum lift
given any available engine power, lift comes at the expense
of drag. Generally. high lift wings are not well suited for
high speed cruise performance. Accordingly. in many
aircraft, wing lift is temporarily increased at low airspeeds
through use of retractable flaps at the trailing edge of the
wing and, in some cases, slats at the leading edge of the
wing. When deployed, these devices increase wing lift to
improve STOL performance. In cruising flight, these devices
are retracted to reduce drag and improve high speed perfor-
mance. Although flaps and slats are well known in the art,
further room for improving STOL performance exists
through optimizing the use of, and the relationship among,
flaps, slats and other control surfaces.

Various forms of flap mechanisms are shown in the
following U.S. Patents:
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4,717,097 Sepstrup (01/05/88

3,754,727 Donovan 08/28/73

3,155,346 Charlton, et al. 11/03/64

2, 699,687 Crandall 01/18/55

2,677,512 Kirkbridge, et al. 05/04/54

2,612,320 Crandall, et al. 09/30/52

2422035 Noyes 06/1(¢47

2,254,304 Miller 09/02/41
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Various forms of wing slat mechanisms are shown in the
following U.S. Patents:

M

U.S. Pat. No. Inventor(s) Issue Date
AP ———————
4,553,721 Jorgensen 11/19/85
4,422,606 Munroe 12/2°1/83
2,503,585 Loedding 04/11/50
1,868,748 Hogan 07/26/32
1,862,421 O’Malley 06/07/32
1,858,259 Alfaro 05/17/32
1,856,219 Lange 05/03/32
1,763,888 Griswold 06/17/30
1,583,155 Jacobs 05/04/26

SUMMARY OF THE INVENTION

The invention provides a STOL aircraft including a wing
having leading and trailing edges. The aircraft further
includes a pair of flaps along the trailing edge of the wing
movable between raised and lowered positions. A pair of
ailerons are also provided along the trailing edge of the wing
and are movable between raised and lowered positions. A
wing slat is provided along the leading edge of the wing and
is movable between an extended position and a retracted
position. A user or pilot actuated aileron control is coupled
to the ailerons for simultaneously raising one aileron while
lowering the other to provide roll control. A user or pilot
actuated flap control is provided for simultaneously raising
and lowering the flaps in unison. A user or pilot actuated slat
control is provided for extending and retracting the slat, and
a mixing system, coupled to the flap control and the aileron
control, is provided for simultaneously drooping the ailerons
in unison when the flaps are lowered while simultaneously
permitting the aileron control system to move the ailerons in
opposite directions and thereby provide roll control. The
drooped ailerons provide additional wing lift to augment the
wing lift provided by the flaps. The drooped ailerons and
extended wing slats thereby serve, when deployed. to
improve the STOL performance of the aircraft.

The invention also provides a control system for extend-
ing wing slats disposed along the leading edge of an aircraft
wing. The control system includes a guide member disposed
adjacent the leading edge of the aircraft wing. A support
member for supporting the wing slat engages the guide
member and is outwardly slidable relative to the guide
member. A slat bellcrank of arcuate elongate form and
having an arcuate slot formed therein is positioned adjacent
the guide member for pivoting movement around an axis. A
pin coupled to the support member engages the arcuate slot.
A user-actuable control linkage coupled to the slat bellcrank
is provided for rotating the slat bellcrank around the pivot.
As the slat bellcrank moves, the arcuate slot and the pin
engaging the arcuate slot slide the support member relative
to the guide member to extend the wing slat in response to
rotation of the slat bellcrank in one direction and to retract
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the wing slat in response to rotation of the slat bellcrank in
the opposite direction.

The invention also provides a STOL aircraft including a
wing having leading and trailing edges. The aircraft further
includes a pair of flaps along the trailing edge of the wing
movable between raised and lowered positions. A pair of
ailerons are also provided along the trailing edge of the wing
and are movable between raised and lowered positions. A
user or pilot actuated aileron control is coupled to the
ailerons for simultaneously raising one aileron while low-
ering the other to provide roll control. A user or pilot
actuated flap control is provided for simultaneously raising
and lowering the flaps in unison. A mixing system, coupled
to the flap control and the aileron control, is provided for
simultaneously drooping the ailerons in unison when the
flaps are lowered while simuitaneously permitting the aile-
ron control system to move the ailerons in opposite direc-
tions and thereby provide roll control. The drooped ailerons
provide additional wing lift to augment the wing lift pro-
vided by the flaps and thereby improve the STOL perfor-
mance of the aircraft.

It is an object of the present invention to provide a new
and improved aircraft that is optimized for STOL perfor-
mance.

It is a further object of the present invention to provide an
actuating mechanism for actuating wing slats in a STOL
aircraft under the pilot’s manual control.

It is a further object of the present invention to provide a
wing slat actuating mechanism that is simple and reliable in
operation and economical in manufacture and maintenance.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention which are believed
to be novel are set forth with particularity in the appended
claims. The invention, together with the further objects and
advantages thereof, may best be understood by reference to
the following description taken in conjunction with the
accompanying drawings, wherein like reference numerals
identify like elements, and wherein:

FIG. 1 is a perspective view of a STOL aircraft embody-
ing various features of the invention and incorporating an
aileron/flap mixing mechanism and a wing slat actuating
mechanism.

FIG. 2 is a diagrammatic view of an actuating mechanism
for extending and retracting wing slats located along the
leading edge of the wing of the aircraft shown in FIG. 1.

FIG. 3 is a perspective view of a bellcrank arrangement
incorporated in the wing slat actuating mechanism shown in
FIG. 2.

FIG. 4 is a fragmentary top plan view of the fight wing of
the aircraft shown in FIG. 1 useful in understanding the
construction and operation of the wing slat actuating mecha-
nism shown in FIGS. 2 and 3 and the aileron/flap mixing
mechanism incorporated in the aircraft shown in FIG. 1.

FIG. 5 is a fragmentary perspective view of a flap
belicrank constructed in accordance with various features of
the invention useful in understanding the construction and
operation of the aileron/flap mixing mechanism.

FIG. 6 is a diagrammatic plan view useful in understand-
ing the operation of the aileron/flap mixing mechanism.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to the drawings, and, in particular. to FIG. 1, a
STOL aircraft 10 embodying various features of the inven-
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tion is illustrated. In the illustrated embodiment, the aircraft
10 is of single, high wing configuration and is powered by
a single, piston-type engine 12 turning a propeller 14. The
aircraft 10 includes a fixed landing gear 16 of the tailwheel
type. The aircraft 10 further includes a fuselage 18 having a
cockpit 20 for seating the pilot and, if desired, a passenger.
The wing includes a right wing 22 and a left wing 24
extending, respectively, to the right and to the left of the
fuselage 18.

The aircraft 10 is configured for optimum STOL perfor-
mance. To this end, the wing is provided with extendibie
leading edge slats 26. The slats 26 are mounted adjacent the
leading edges of the right and left wings 22, 24. During slow
flight or when maximum wing lift is desired, the slats 26
extend forwardly out from the leading edge to the position
shown in FIG. 1. During cruising flight when maximum
wing lift is neither necessary nor desired, the slats 26 are
retracted rearwardly against the leading edge.

The extension and retraction of the slats 26 is controlled
by the pilot by means of a pilot-actuated slat control handle
28 accessible from the cockpit 20. In the illustrated
embodiment, the pilot-actuated slat control handle 28 for
extending and retracting the wing slats 26 extends down-
wardly from the overhead in the cockpit 20. In the illustrated
embodiment, the wing slats 26 are extended by pulling the
slat control handle 28 down and forwardly. In cruising flight,
when it is desired that the slats 26 be retracted, the control
handle 28 is pulled up and backwardly out of the way where
it is less likely to interfere with the pilot.

As further illustrated in FIG. 1, the aircraft 10 is provided
with both flaps 30 and ailerons 32 along the trailing edge of
each wing 22, 24. The flaps 30 are positioned adjacent the
root of each wing 22, 24 near the fuselage 18. The ailerons
32 are located outboard of the flaps 30 adjacent the wing
tips. The flaps 30 and ailerons 32 together occupy substan-
tially the entire length of the trailing edge of the wing. In
accordance with conventional practice, the flaps 30 are
hinged to the wing for downwardly depending movement
between a raised position, wherein each flap is aligned
substantially with the chord of the wing. and a lowered
position wherein each flap extends below the wing chord.
Neither flap 30 is configured to rise substantially (e.g., more
than 5 degrees) above the wing chord and the flaps 30 move
only in unison, that is, the flaps on the right and left wings
22. 24 can only be lowered and raised together. It is neither
possible nor desired to lower one flap while retracting the
other or vice versa.

In further accordance with conventional practice, the
ailerons 32 are configured to pivot both above and below the
wing chord. Furthermore, unlike the flaps 30, which move in
unison, the ailerons 32 move opposite one another. That is.
when the right aileron moves down, the left aileron moves

up and vice versa. This enables the pilot to maintain control
over the bank and roll of the aircraft 10.

The flaps 30 are moved between the retracted and lowered
positions by means of a pilot-actuated flap control handle 34
accessible from the cockpit 20. In the illustrated
embodiment, the flap control handle 34 is located adjacent
the slat control handle 28 and is configured so that the flaps
30 are raised when the handle 34 is pulled back and up

toward the cockpit overhead. When the flap control handle
34 is pulled down and forward, the flaps 30 are lowered.

To further improve STOL performance, the aircraft 10, in
accordance with one aspect of the invention, further includes
a flap/aileron mixing mechanism that functions to droop the
ailerons 32 in unison relative to the wing chord when the
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flaps 30 are lowered. In other words, when the flaps 30 are
deployed from the retracted position, both ailerons 32 are

lowered or drooped relative to the wing as shown in FIG. 1.
Although drooped, the ailerons 32 nevertheless remain

moveable in opposite directions under the pilot’s control in
order to provide control over bank and roll. To maintain such
control, and in accordance with another aspect of the
invention, the ailerons 32 and flaps 30 are preferably
drooped at different rates. In particular, the ailerons 32 droop
by approximately one-half the angle by which the flaps 30
are lowered relative to the wing chord. In the illustrated
embodiment, the flaps 30 can be lowered by increments to
a maximum flap angle of approximately 435° relative to the
wing chord. As the flaps 30 are lowered, the ailerons 32 are
progressively drooped by an angle of approximately one-
half the flap angle up to a maximum aileron droop of
approximately 22°.

The combination of manually extendible slats 26 and
ailerons 32 that droop with the flaps 30 substantially
increases wing lift at low airspeeds and thereby substantially
reduces the minimum controllable airspeed of the aircraft
10. This, in turn, improves the STOL performance of the
aircraft 10 and makes the aircraft 10 well suited for appli-
cations wherein short takeoff and landing requirements are
encountered, or wherein the application (e.g., observation,
aerial inspection, etc.) requires flight at minimal airspeeds.
Because the slats 26, flaps 30 and ailerons 32 can all be
retracted and/or returned to an undetected position when
desired, improved STOL performance and the capability for
flight at reduced airspeeds can be achieved without signifi-
cantly reducing the cruising airspeed of the aircraft 19.

A preferred system for actuating the wing slats under the
manual control of the pilot is illustrated in FIGS. 1-4. As
shown, each slat 26 is mounted to a plurality of support
members 36 that project perpendicularly forwardly from the
leading edge of the wing 22, 24 and engage the slat 26. The
support members, in turn, slidably engage a plurality of
guide members 38 disposed along the leading edge of the
wing. In the illustrated embodiment, the support member 36
and the guide member 38 comprise telescoping tubes. The
outer relatively stationary tube 38 is mounted within the
wing and the inner, relatively moveable tube 36 engages and
supports the slat 26. OQutward telescoping movement of the
tubes 36, 38 causes the slat 26 to be extended, and inward

telescoping movement of the tubes causes the slat to be
retracted.

Relative telescoping movement of the tubes 36, 38 is
controlled by means of a control linkage. In particular, an
arcuate bellcrank 40 having an outer end 42 is positioned
adjacent the inward end of each pair of telescoping tubes 36,
38 for movement around a pivot 44. The outer end 42 of the
bellcrank 40 includes an elongate arcuate siot 46 that
overlaps the ends of the tubes 36, 38. The other end 48 of the
bellcrank 40 is coupled through a control rod 50 and linkage
to the slat control handle 28. Forward movement of the slat
control handle 28 in the direction indicated by the arrow 52
causes the control rod 50 to move in the direction of the
arrow 54. This, in turn, causes the bellcrank 40 to pivot in

the counter-clockwise direction as viewed in FIGS. 2, 3 and
4.

As further illustrated, the outer robe 38 is provided with
an elongate slot 56 that extends axially along the robe 38.
The inner tube 36 includes an outwardly projecting pin 58
that extends through the elongate slot 56 and engages the
arcuate slot 46 of the bellcrank 40. As the bellcrank 40
pivots, the arcuate slot 46 forces or cams the pin S8
forwardly along the elongate slot 56 causing the inner tube
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36 to extend outwardly from the outer tube 38 and thereby
extend the slat 26. When the slat control handle 28 is pulled
in the opposite direction, the bellcrank 40 pivots in the
clockwise direction causing the arcuate slot 46 to pull or cam
the pin 58 in the opposite direction, thereby pulling the inner
tube 36 inwardly relative to the outer tube 38 and retracting
the slat 26 inwardly against the wing leading edge. As best
seen in FIG. 4. a plurality of outer tubes 38, inner tubes 36

and bellcranks 40 are provided along the wing leading edge
and are linked together by a single slat control rod 50

coupled to the slat control handle 28.

A preferred aileron/flap mixing system for drooping the
ailerons when the flaps are lowered is shown in detail in
FIGS. 4, § and 6. Referring to FIG. 4, the aileron/flap mixing
system includes a first or flap bellcrank 60 that is coupled to
the flap 30 through a push rod 62 and a second or aileron
bellcrank 64 that is coupled to the aileron 32 through a push
rod 66. The flap bellcrank 60 is mounted for rotation around
a pivot 68, and the aileron belicrank 64 is mounted for
rotation around a pivot 70. In the illustrated embodiment,
when the flap bellcrank 60 rotates in the clockwise direction,
the push rod 62 extends toward the flap 30 thereby deploying
the flap 30 to a lowered position. The angle to which the flap
30 is lowered is determined by the extent to which the flap
bellcrank 60 is rotated around the pivot 68 in the clockwise
direction. Similarly, when the aileron bellcrank 64 is rotated
in a clockwise direction around the pivot 70, the push rod 66
extends toward the aileron 32 to lower the aileron 32 relative
to the wing. When the bellcrank 64 rotates in the opposite or
counter-clockwise direction. the push rod 66 pulls the aile-
ron 32 to a raised position relative to the wing.

The rotational position of the aileron bellcrank 64 is
controlled by a pair of aileron cables 72, 74 that are coupled
to the aircraft’s control stick or yoke (not shown). The cables
72. 74 are arranged in known manner to move in opposite
directions in response to appropriate movement of the stick
or yoke. This has the effect of rotating the aileron bellcrank
64 in either direction to raise or lower the aileron 32 relative
to the wing.

The rotational position of the flap bellcrank 60 is con-
trolled by means of a flap control rod 76 that is coupled
through a linkage to the flap control handle 34. When the
handle 34 is pulled forwardly in the direction of the arrow
78 shown in FIG. 4, the flap control rod 76 moves in the
direction of the arrow 80. This pivots the flap bellcrank 60
in the clockwise direction to lower the flap 30. Similarly,
pulling the control handle back pushes the flap control rod
76 in the opposite direction to rotate the flap bellcrank 60 in
the counter-clockwise direction and thereby raise the flap 30.

In accordance with one aspect of the invention. a mixing
control interface, coupled to the flap bellcrank 60. is pro-
vided for engaging the aileron control cables 72, 74 to vary
the position of the cables relative to each other when the
flaps 30 are deployed and thereby rotate the aileron
bellcrank 64 to lower the ailerons 32 while simultaneously
maintaining independent aileron control. In the illustrated
embodiment, the mixing control interface includes a pair of
pulleys 82, 84 that are mounted for rotation on the flap
bellcrank 60. The control cables 72, 74 are threaded around
and between the pulleys 82, 84 as illustrated. Preferably.
each pulley 82, 84 includes a pair of sheaves for engaging
the two control cables 72, 74. As further illustrated, the
pulleys 82, 84 are each rotatable around an axis of rotation,
86.88 and the pulleys are positioned on the flap bellcrank 60
so that the axes of rotation 86, 88 are centered on a line 90
extending through the flap bellcrank pivot 68. As further
illustrated, the axes of rotation 86, 88 are substantially
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equidistant from the flap bellcrank pivot 68 and the line 90
they define preferably slopes toward the outer rear of the
wing and forms a slight acute angle (approximately 5°)
relative to the center line of the wing. When the pulleys 82,
84 are so located and mounted, and when the aileron control
cables 72, 74 are so threaded, the length of the path of each
cable 72. 74 from the control stick or yoke to the aileron
bellcrank 64 depends on the rotational position of the flap
bellcrank 60 around its pivot. Furthermore, as the flap
bellcrank 60 rotates around its pivot 68, the path of one cable
will become longer while the path of the other cable will
become shorter.

In the illustrated embodiment, rotation of the flap
bellcrank 60 in the clockwise direction causes the path of the
upper aileron control cable 72 to become longer while the
path of the lower aileron control cable 74 becomes shorter.
Assuming no movement of the control stick or yoke, such

movement of the flap bellcrank 60 will change the positions
of the aileron control cables 72, 74 relative to each other

with the effect that the aileron belicrank 64 rotates in the
clockwise direction to lower the aileron 32. Nevertheless,
the aileron control cables remain independently moveable
under the control of the control stick or yoke so that the
actual aileron position can nevertheless be varied by the
control stick or yoke. The particular geometry determines
the rate at which the ailerons 32 droop as the flaps 30 are
lowered. In general, the farther the pulleys 82, 84 are spaced
from the pivot 68. the greater the ailerons will droop given
any particular rotation of the flap bellcrank 60. In addition,
the slight acute angle formed by line 90 and the centerline
of the wing, in addition to providing clearance for the cables
72. 74, provides “lost motion” that eliminates or minimizes
initial aileron droop as the flaps are initially lowered.

It will be appreciated that the fight wing 22 and the left
wing 24 are each equipped with slat actuating, flap actuating
and aileron control systems of the type shown in FIG. 4. The
slat control handle 28 controls the slat actuating systems of

both wings 22. 24, and the flap control handle 34 controls the
flap position and aileron droop of both wings 22, 24.

It will be appreciated that the slat actuating and aileron/
flap mixing mechanisms can be utilized in aircraft having
configurations different from that herein shown and
described. For example, the mechanisms can be used on
aircraft having high wing, low wing or mid-wing configu-
rations. Furthermore, the actual shape of the wing is not
limiting. In addition, the type and number of engines is not
critical. Finally, while particular preferred systems for actu-
ating the slats and drooping the ailerons have been shown
and described, it will be appreciated that other systems and
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mechanisms can be formulated and used to achieve these
functions and that such other systems are intended to be
within the scope of the invention in its broader aspects.

While a particular embodiment of the invention has been
shown and described, it will be obvious to those skilled in
the art that changes and modifications may be made without
departing from the invention in its broader aspects, and,
therefore, the aim in the appended claims is to cover all such
changes and modifications as fall within the true spirit and
scope of the invention.

I claim:

1. A control system for extending wing slats disposed
along the leading edge of an aircraft wing, comprising:

a slat positioning system having

a guide member disposed adjacent a leading edge of the
aircraft wing and comprising an outer tube having an
axially extending slot,

a support member for supporting the wing slat and
engaging said guide member for slidable movement
relative to said guide member and comprising an inner
tube telescopically received in said outer tube,

a slat bellcrank adjacent said guide member and movable
around a pivot, said slat bellcrank including an arcuate

slot,

a pin coupled to said support member and engaging said
slots; and

a pilot actuated control linkage coupled to said slat
bellcrank for moving said slat bellcrank around said
pivot, said arcuate slot and said pin thereby urging said
support member axially relative to said guide member
to extend the wing slat in response to rotation of said
slat bellcrank in one direction and to retract the wing
slat in response to rotation of said bellcrank in the
opposite direction.

2. A control system as defined in claim 1 wherein said
pilot actuated control linkage includes a slat control handle
accessible to the pilot within the cockpit of an aircratft.

3. A control system as defined in claim 2 wherein said
control system includes a plurality of said guide members,
said support members, said slat bellcranks and said pins and
wherein said plurality of said slat belicranks are actuated by
said slat control handle.

4. A control system as defined in claim 1 wherein a slat
positioning system is disposed along the leading edge of
each wing and said pilot actuated control linkage controls
both slat positioning systems in a like manner.
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